Lessons Learned 

JSC Micro-Wireless Instrumentation Systems 
on Space Shuttle and International Space Station 
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Micro-Wireless Instrumentation 

Background 
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An SBIR project developed Micro-Wireless Instrumentation System (Micro-WIS) to meet the 
need. 



Micro-Wireless Instrumentation 

Rationale 


C 

O 

■ 

+-» 

2 

c 

E 

3 

00 

c 

</> 

0) 

0 

0 


o 

k. 

o 


o3 

-I—* 

3 

0 

c 

03 

H— » 

c 

03 

E 

H— » 

a 

03 

C/3 


(0 

'Z 

o 

o 

3 

"O 

0 


CO 

+-» 

CO 

"O 

03 

c 

o 

o 

</> 

0) 

-Q 

3 

o 


O) 

c 


c 

o 

E 

0 ) CD 

^ o 

ii 

CO 0 
O Q. 


O 

0 

_Q 

CO 

o 

Q. 

0 

"O 

c n 
c 
o 

0 

i_ 

0 

c 

0 

CL 

o 

c 


c 

0 CL 

E° 

0 < 

73 E 

0 


0 


"So 

(0 0 

=! 

(0^ 

0 0 

0 0 
s_ -i-< 

as.g 

if 

as o 

11 

ii 


C 

o 

0 

c 

0 

E 

3 

0 

C 

"O 

0 


c 

0 


c 

o 

+J 

0 

03 

0 


0 

0 

0 


"O 

0 

"O 

0 

s*. 

03 

Q. 

^3 

lj> 

a 

0 

> 

03 

C 

3 

0 

X 

0 


_0 

0 

> 

0 

0 

3 

o 

co 
> 
-i— » 
0 

O 

c 

0 

“0 

c 

3 

"O 

0 


"O 

0 

3*. 

3 

03 

C 

o 

a 


O a) 
+■» 


0 

C 

o 

0 

i_ 

0 

CL 

O 

cn 

c 

0 


c 

o 

■> 

c 

0 

_0 

o 

3 

0 

> 


0 

0 

> 

0 

0 


o 

0 

03 

"O 

0 

£ 

§.§ 

T5 O) 
C'^= 
<0 £ 

S.E 

3 03 

0.E 

p-0 
c 0 
0 0 
£ c 

** 0 
£E 


®t 5 

—5 

■O 

a> 

>> 

■> ® 
> _Q 


■0 

'0 

0) O 

s® 

T 3 

(0 

0 

0 

> a. 

<0 ^ 
E E 

a> 

.q 

c 

0 

n 

c 

® S 

C CD 

ns >> 

ns 

0 

ns g, 

O-D 

O 

O 

O 00 


o 

i_ 

3 

H— » 
0 
C 

_Q 

0 

3 

“0 

O 

E 

0 


0 

0 

3 

0 

O 

0 

_Q 

U) 

C 

0 

E 

0 

> 

o 

3*. 

Q. 

E 

> 

03 

O 

O 

c 

o 

0 


0 

> 

o 

> 

0 

c 

0 

o 


c 

o 

0 

0) 

0 


0 

3 

"0 

0 

_C 

O 

0 

0 

o 

o 


03 

0 


"O 

0 

"O 

0 

0 

c 

0 

0 

a 

3 

O 

0 

0 

3*. 

0 

a 

3 

"O 

0 

3*. 

c 

0 

O 


0 

0 

3 

0 

C 

o 

"-I— » 
0 

0 

CL 

O 

"0 

c 

0 

0 
-»— * 
0 
0 


03 


£ 

C/3 

C/3 

"O 

c 

0 

0 


CO 

0 

o 

0 

Q. 

CO 

C 

o 

"O 

3^ 

o 

a 

0 

3*. 

c 

0 

> 

o 


0 

0 


A new generation of aerospace vehicles can and should be built with wireless 
instrumentation accommodations and eventually wireless controls. 





Wireless Instrumentation System Sensors 

Benefits to Spacecraft 
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Install as needed, remove easily. 

Sensors can be integrated late in vehicle flow 


JSC Micro-Wireless Instrumentation 

Vision 
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Vehicle Accommodations to Reduce Wires in General 

- Use of embedded materials with non-contact, next generation remote sensor detection and inspection. 

- “Zero-base” wires - make each sub-system justify the wiring proposed. 

- RF transmission penetrations: composite plugs, access holes, antenna pass- through... 

- Wave-guides, EMI shielding and absorbing coatings as applicable. 



Micro-Wireless Instrumentation System 

Approach 
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Wireless Instrumentation Systems Solving Unique 
Real-World Problems for Shuttle & Space Station 

• ISS Assembly - Thermal limits too close for some avionics boxes during assembly and prior to hook- 
up... No power/data path available. External temperatures were needed for boxes in near real time. 
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boom - extension of the SRMS arm. Result: Wireless Strain Gauge Instrumentation System (WSGIS) 
and Instrumented Worksite Interface Fixture (IWIF) - EWBMTAU/Triax MEMS Accels (DC to 200hz) 

• Also used for measuring Shuttle Forward Nose area dynamics during roll-out (10 hours) 

• ISS MMOD Impact/Leak Monitoring is needed for high risk modules to reduce time necessary to 9 
locate a leak to vacuum so that it can be repaired. Result: Ultrasonic WIS (UltraWIS) & DIDS SBIRs 



Evolution of Micro-WIS Systems 





Relay Transmit to PC Transmit to PC / Transmit Transmission Transmission Transmission 
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Evolution of Micro-WIS Systems 
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Pressure Pressure Pressure as Sensors Sensors 

Trigger Channel. 


Typical Micro-WIS Block Diagram 



Network Communication board 
Digital Signal Processor board 
Front-end Data Acquisition board 
Patch or WIP/Di-pole antenna 
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Shuttle Payload Bay 



Shuttle Wireless Instrumentation System (SWIS) 

Solar Array Segment 

ISS Flights 3A (10/2000) and 4A (1 1/2000) S 



8 Temperature Channels 





Wireless Floating Potential Probe (FPP) 
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Micro-Strain Gauge Unit (Micro-SGU) and 
Micro-Tri-axial Accelerometer Unit (Micro-TAU) 
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Wideband Micro-TAU (WBMicro-TAU) 
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Enhanced Wide-Band Micro-TAU for 
Shuttle Flex-hose Dynamics Assessment 
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Wireless Strain Gauge Instrumentation System (WSGIS) 
DTO 852 - SRMS Loads - STS-121 - MD Robotics/Dynacs 
Instrumented Worksite Interface Fixture (IWIF) 

DTO 849 - Worksite Stabilization - STS-121 Boeing/Oceaneering 
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Micro-WIS Program Lessons Learned: 
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Team member expertise and cooperation over an extended period is essential. Vendor 
support for training, integration, and operations activities until operations are mature. 




Micro-WIS Program Lessons Learned: 

System Architecture: 
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life power sources are desirable. 



Micro-WIS Program Lessons Learned: 
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Other Current Projects : 

WLEIDS Improvements 

- Software and Battery voltage regulator (JSC/EB) 

- Models and Assessment tools (JSC/ES) 
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Wireless Instrumentation Systems Improvements 
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design environments and contingency operations. Production prototyping and testing 
have demonstrated mature design/approach and validated design requirements. 
Prove through incremental improvements addressing unique vehicle system needs. 



Vehicle Accommodations for Wireless Instrumentation Systems 
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vehicle interfaces tailored according to the integrated needs for each zone. 
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2000’s Wireless Zones in Spacecraft, Wireless Sensor Networks in critical applications, 
Wireless Flight Control, long range active/passive RFID sensors, and... 

New System Engineering to accommodate “ Fly-by-Wireless ” ~ n 
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WLEIDS Purpose: Ascent Impact Indicator 
Used to influence TPS inspection priorities & planning 

Ascent Debris/Impact 
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Wing Leading Edge Re-Entry Risk : RCC Max Coating Loss (No Substrate Loss Allowed) 

ISS Hvy Wt Fwd CG EOM Entry Trajectory 

Damage Diameter in Inches: 

Region 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Panel(s) 1-4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19-22 
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□ Orb/lnteg Hardware □ POCC Laptop/SW 

□ wleidsgfe WLEIDS End-to-End System a ku/estl 

□ WLEIDS MER/PI 1 □ MOD 
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Photographs looking forward inside port wing 






Accelerometer to Sensor Unit Cross-Strapping 

STS-121 Port Wing Accelerometer - Sensor Unit Configuration 

Wing Glove Units (Forward) Wing Cavity #1 Units (Aft) 



WLEIDS System Overview : Sensor Unit Installation 

(A Compromise of “the Vision” for Safety & Operations) 

Sensor Unit installation went from flexible (individually located & oriented near sensors) boxes 
attached with RTV, to two groups of sensor units bolted in rigid patterns on uniquely designed 
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WLEIDS System Overview : Vehicle Wiring Diagram 






WLEIDS Ascent Impact Criteria 



(Distinguish unusual responses from previous experience in test/flight) 
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• Filtering helps eliminate some of the low frequency response of the vehicle and accentuates the impact response 
Summary files 

• Used to create an initial list of events that will be classified using additional downloads and the impact criteria 

• Possible to confirm a probable impact based on these files alone if downloads are not available 

• All periodic files will be analyzed prior to first written report 




WLEIDS Ascent Data Analysis: File Types 
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WLEIDS Ascent Data Analysis : File Types 
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Select which sensors to plot Graphical display of data 





STS-114 Ascent Data Analysis : Mission Tools 

Half second time history downloads used to distinguish between 

real impact events and data anomalies 
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Ascent Data Analysis : Determine Impact Location 
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STS-114 Ascent Data Analysis : Panel 6/7 Hit 
Impact Location: Time History Plots 



Observed Events vs Typical Shuttle Ascent Profile 

Note: STS-1 14 - post-flight analysis impacts between 35 and 135 sec MET 

STS-121 - In-flight Impacts occurred between 100 and 120 sec MET 
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Port Starboard 

Leading Edge Impacts Wing Leading Edge Impacts 

□ STS-114 In-Flight Reports □ STS-114 

■ STS-121 , , ■ STS-121 f 1 






Challenge: Threshold Level for WLEIDS Impact Reportin 
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NOTE: The Impact Threshold level begins conservatively: 1 Grms (unfiltered) 
and will be refined as more of the above analysis and flight data becomes available. 



WLEIDS Impact Test Article Data Trends 
RCC Damage Observed 
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STS-114 Flight Data: Typical Background Environment 



1 Grms Reporting Threshold 


STS-114 Flight Data Analysis: 
Probability of Impact Magnitude over Time 



STS-114 Frequency & Magnitude of Impacts by Panel 

after 80 seconds MET 
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STS-114 Frequency of Impacts over Time 

after 80 seconds MET 
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STS-114 Frequency of Impacts by Panel 

after 80 seconds MET 
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WLEIDS 2 nd Purpose: MMOD Impact Indicator 
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WLEIDS Inner Panels Center Panels Outer Panels No Sensors 

9.8% 69.4% 15.4% 5.4% 





WLEIDS On-Orbit Impact Monitoring 
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STS-121 Micro-Tau AFT Battery Environment Temperature Predictions 
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STS-121 Micro-Tau FORWARD Battery Environment Temperature Predictions July 12 
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WLEIDS Ground Impact Tests 

STS-107 CAIB investigation thru Sep 2003 - Leading Edge Test Article Impact Tests 
- LESS Test Article design like Columbia, some differences with current Orbiters 


0 




0 

c 

0 

Cl 

- i — > 
0 


0 
N 

"0 
O 

° C 


o 

0 

~a 

c 

0 

&_ 

0 

CL 

0 

0 


"D 

C 

J= 

0 

_Q 

0 

O) 

C 

TD 

0 

0 


0 

0 


C 

o 


CO 
I — 
CO 

£ 

0 

E 


I p 


■D 

0 

0 

s_ 

0 

_Q 

O 

"s— 

0 

E 

■D 

0 

■g 

> 

o 


0 

o 

c 

0 

■s_ 

0 

Cl 

X 

0 


O) 


c 

o 

'-4— > 
0 

0 

0 ) 

M— 

c 

o 

o 

-I— > 

c 

0 

0 

o 


_0 

0 

"D 

O 

E 

0 

CD 

0 

E 

0 

TD 

o 

o 

a: 


IO 

o 

o 

CM 

L_ 

0 


in 

co 


» $ 

+-> o 

0 0 

0 CL 

r e 

8 ® 
a. o 

E 1 

— CD 

tS 

£ CO 

5> B 

VI 

r o 

c © 

b 0 

3 g> 

® .E 

* ^ 

0 0 
C Q) 

.2 0 

Si _i 

■o 

5 1 


0 

0 

E 

o 

_Q 

0 

0 " 

O 


i 8 

C 
0 


O 

O 

a: 


i -5 

A © 

< E 

w 1 

a! ro 

52. o 

0 ^ 
O -Q 
0 

< 

-1— > 

0 
0 


0 

O 


E 

0 

o 


0 

.0 


0 

CD 
TD . . 
LU 0 

D> $ 

d L. 

■0 © 
0 0 
0 — 


0 

D) 

-a LJ - 
LU . . 

a) e 

c o 

■— -I— > 

TD O 
0 0 
0 CL 

z! E 
0 ^ 
c c 
0 0 
Q_ o 
„ 0 

0 <; 

D) 

c • 

CO 


c 

o 

'• 4 — > 
0 

;g 

"0 

> 


CD 

“0 

c 

0 

Q_ 


0 

o 

.C 

0 

0 

o 


■a 

■a 

< 

I 



Columbia Accident Investigation 
Catastrophic Impact Damage Test on RCC Panel 8 
Wide-Band Micro-TAU Accelerometers (JSC) - July 7, 2003 




New Test Articles for Impact Sensor Testing 





WLE Test 




Hypervelocity Impact Test Results 

Damage: Crater, Hole Damage to RCC Panel 16R 

Length x Width x Depth (in mm) 



Note: AE data in 
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WLEIDS Modeling Approach 
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WLEIDS Risk/Confidence Assessment : 
Evaluating End-to-End System to Meet Program Goals 
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WLEIDS Risk Assessment & Mitigation 
Ascent Impact Reporting 

Crew Availability to set-up and reset locked-up laptop before Sensor Units get cold. 
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